A very sensitive and specific method for the random amplification of whole DNA molecules and genomes ranging from 400 base pairs (bp) to 40 Megabase (Mb) is described. This simple, two step PCR (1-3) strategy utilizes tagged random primers that consist of a pool of all possible 3' sequences for binding to the target DNA and a constant 5' region for the detection of incorporated primers. As little as 10-12 g of DNA was readily amplified to amounts that could be visualized on ethidium bromide stained gels. The high specificity of this method was demonstrated by hybridization of PCR products to gridded whole genome cosmid libraries. Tagged random primer PCR (T-PCR) is very useful for the amplification of DNA samples purified by various electrophoresis techniques or flow sorting. This random whole DNA and genome amplification should simplify the analysis of other samples with very little DNA, like individual sperm and oocytes. It has the potential for amplifying any DNA molecule.
Tagged random primers (4) containing a 9 to 15 bp arbitrary 3' tail that can bind to any DNA sequence and a constant 17 bp 5' head for the subsequent detection of the incorporated primer were synthesized. In the first PCR step, consisting of two or more cycles, the random 3' part of the primer is annealed to the complementary target DNA, and target specific sequences are added by the polymerase. In the second cycle of this step, molecules containing two random primers at their ends are generated. Unbound primer and primer-primer complexes are subsequently removed by spin column gel filtration at 1100 g for 10 minutes with Biogel P100 (5 Figure IA and C. In general, the random PCR products hybridized to all cosmid clones of the genome, indicating the amplification of unspecific DNA sequences ( Figure 1C ). Only a small number of clones that contained repetitive DNA sequences showed stronger hybridization signals. Hence, most of the DNA amplified by the random primers PCR did not originate from the template DNA, but is the result of primer-primer extensions.
These results motivated our development of the T-PCR method. DNA samples ranging in size from 400 bp up to 40 Mb were tested ( Figure 2 ). Most amplified products of megabase DNA ranged in size from about 400 bp to 1.6 kb. DNA samples from ethidium bromide stained gels with prior UV exposure showed somewhat smaller products compared to unirradiated samples. Hybridizations of T-PCR products to gridded whole genome cosmid libraries were almost identical to results obtained by the original pure probe, as demonstrated for S.pombe chromosome I DNA in Figure IA and B. Similar results were obtained with pools of small S.pombe fragments, S.pombe macrorestriction fragments and human chromosome 21 DNA. There was no evidence for the presence of any nonspecific DNA. Slight differences in some signal intensities were probably due to the random distribution of primers along the target DNA and the sequence and fragment size dependent amplification bias of the Taq polymerase. Repetitive S.pombe sequences and presumably human repetitive sequences such as Alu elements were not amplified with any preference.T-PCR using primers containing 12 or more random bases showed weak hybridization to all colonies, indicating the amplification of nonspecific sequences. This is presumably due to the less efficient elimination of these longer primer during the gel filtration step.
The mass ratio of primer to DNA affected the yield and the *To whom correspondence should be addressed at: Biochemical Instrumentation, EMBL, Postfach 10. (6) .
Up to now, two methods have been described for the amplification of genomic regions or whole genomes. In the first method, specific linkers were ligated to the ends of DNA fragments (7, 8) . DNA was subsequently amplified with primer complementary to the linker. This ligation mediated approach has the potential of amplifying DNA ad infinitum. It needs, however, a considerable amount of sample manipulation which may lead to the loss of portions of the genome in case of single cell analysis (9) . The random distribution of restriction sites may also generate fragments that are too small or too long for PCR amplification. Ligated primer-primer complexes can produce nonspecific PCR products. The second method used partially or completely degenerate oligomers for the amplification of DNA (9, 10 
